Erdheim-Chester disease (ECD) is a rare, systemic, non-familial histiocytic disorder, first described by Jakob Erdheim and William Chester in 1930. Most patients have multiple sites of involvement at presentation. The most common site of involvement is the long bones of the axial skeleton, which is seen almost universally, followed by the nervous system, heart, lungs, orbit and retroperitoneum, which are seen in up to 50% of cases. 1 Cutaneous involvement is rarely a presenting symptom of ECD, with two reported cases in the English literature. 2 The diagnosis of ECD is rarely made by skin biopsy because of the relative rarity of cutaneous involvement as a presenting feature, and also perhaps because of the difficulty in distinguishing the histopathological appearance from potential mimics. The importance of distinguishing ECD from other cutaneous disorders with similar pathology lies in the implications for both treatment and prognosis. ECD is an aggressive, often fatal disorder, with death from disease occurring in greater than 50% of patients.
trilineage hematopoiesis, stainable iron, no granuloma and no evidence of a leukemic disorder. In addition, no lymphoid aggregates were noted. A skin biopsy from the midabdominal region performed showed skin with superficial and deep xanthogranulomatous infiltrate, including multinucleate Touton-like giant cells in keeping with the radiologic findings suggesting a histiocytic infiltration.
The patient was referred to the Genetic Clinic at Brigham and Women's Hospital for investigation of a possible storage disorder. However, the acutely progressive tempo of his clinical course, essentially normal biochemical testing [in particular, the alkaline phosphatase, liver function tests and complete blood count (CBC)] and the absence of organomegaly were considered to be inconsistent with a storage disease (Fabry or Gaucher's disease). A 99mTc-Methyl disphosphonate (TC-MDP) bone scan of the entire body was performed, which showed bilateral symmetric uptake in the frontal skull, distal femurs, tibiae and ankles, as well as the clavicular heads (Fig. 1) . The patient was referred to Dermatology for further evaluation and management.
The patient's past medical history was significant for obesity, sleep apnea, alcoholism and panic attacks. There was no significant family history. On physical examination, the patient was found to have diffuse brown maculopapular skin lesions on the trunk and extremities ( Fig. 2A) . Bilateral scleral and conjunctival brown infiltrates were noted (Fig. 2B ), in addition to bony tenderness of both ankles and knees.
Laboratory studies revealed an elevated C-reactive protein (CRP; >17.80), erythrocyte sedimentation rate (ESR; 25) and hypoalbuminemia (2.7 g/dl). CBC, urea and electrolytes, lipids, urinary studies, liver function and antinuclear antibodies were all within normal limits.
A skin biopsy of one of the maculopapular lesions was performed (Figs. 3 and 4) . The 5-mm punch biopsy of the mid-back showed a dense superficial and deep dermal xanthogranulomatous infiltrate composed of histiocytes with abundant xanthomatous cytoplasm, multinucleate Touton-like giant cells and prominent intervening fibrosis. Immunohistochemistry showed the following staining profile in lesional cells: CD163 strongly positive, CD68 weakly positive and focal positivity for S-100 only in the most superficial component. HMB-45, CD1a and langerin were all negative.
The subacute clinical course, lack of evidence for an inborn error of metabolism, including a normal bone marrow biopsy, the radiological findings, as well as the morphological appearance on routine H&E (hematoxylin and eosin) staining and the immunohistochemical profile led to a diagnosis of Erdheim-Chester disease (ECD) as the cause of the patient's symptoms.
The patient received interferon therapy and is currently stable with the disease manifesting as lymphadenopathy, splenomegaly, bone disease and cutaneous and scleral involvement.
Discussion
ECD represents a rare systemic non-Langerhans cell histiocytosis. There have been roughly 350 cases reported worldwide. There is a slight male predominance, and the disease is usually diagnosed in patients in their fifth to seventh decades of life. 3 The rarity of this disease, coupled with its less than specific histopathology, makes this a multidisciplinary diagnosis, requiring the combination of clinical, radiological and pathological findings. The most common clinical manifestations of this disease are outlined in Table 1 . Although cutaneous involvement is rarely a presenting symptom of ECD, the histopathological and radiological appearance of ECD is usually relatively characteristic and can suggest such a diagnosis in the appropriate clinical setting. There is symmetrical sclerosis of the metaphyses and diaphyses of the long bones, usually the distal femur and proximal tibia and fibula, 4 which have a pathognomonic appearance on bone scan. 1 The sclerosis may be diffuse or focal, and lytic lesions may also be present, albeit much less commonly. In this case the patient showed the typical pattern of bony involvement with characteristic findings on MRI, which, in the absence of any other infiltrative systemic disease or storage disorder, is consistent with the diagnosis.
Skin involvement, when present, most commonly occurs on the eyelids causing lesions clinically similar to xanthelasmas associated with dyslipidemias. In this case, the skin was the dominant site of clinical alteration and was characterized by widespread involvement of the chest, neck, and upper extremities. The skin biopsy findings, when coupled with the radiological and clinical features, allowed the diagnosis of ECD to be made. However, the pathologic findings on skin biopsy show considerable overlap with other disorders and thus a diagnosis of ECD should be made with caution. ECD is often a fatal disorder, with death occurring in greater than 50% of patients. Death often occurs within 1 year of diagnosis. 5 The prognosis is worse in patients with extraskeletal involvement. 5 Death is often because of cardiac or respiratory failure resulting from heart or lung involvement. 6, 7 Because of the small number of cases of this disease worldwide, the treatment and management of patients is mostly based on case series rather than trials. Treatment modalities include immunosuppression, high-dose chemotherapy, interferon alfa-2α therapy, radiation therapy and bone marrow transplant; 6 yet, despite such aggressive therapeutic regimens, the prognosis remains extremely poor.
The pathogenesis of ECD remains elusive. Whether it represents a reactive process rather than a neoplastic process is still debated, but current evidence now favors a clonal origin for this histiocytic proliferation. 3, 8 In addition, the histiocytes appear to show a monocyticmacrophage origin/lineage with CD163 expression. 8 A balanced chromosomal translocation t(12;15;20) has been described in one patient with osseous ECD. 3 However, the use of ancillary molecular techniques for the diagnosis of ECD is not yet established.
The histopathologic findings on skin biopsy of lesions associated with ECD are similar to those seen at other sites such as lung 3, 9 and retroperitoneum, 5,9,10 which have been more commonly reported as yielding the diagnosis of ECD than skin. The lesions comprise a dermal infiltrate of bland histiocytes with xanthomatous cytoplasm and Touton-like giant cells with intervening fibrosis. It is this fibrosis that is the most characteristic morphologic finding on routine H&E stained sections. The histiocytes express CD163, consistent with histiocytic lineage, and also CD68. Curiously, our case showed weak CD68 staining. It has been reported that the histiocytes of ECD are typically negative for S-100; however, Egan et al. 9 reported that lesional tissue from 4/5 lung biopsies from patients with ECD showed S-100 positivity, two with extensive and two with limited expression. In our case, the lesional cells showed focal S-100 positivity. It is thus probable that the pattern of S-100 positivity in ECD is variable. The histiocytes should not express CD1a and langerin, in keeping with its non-Langerhans cell origin. The histiocytes of ECD do not show Birbeck granules by electron microscopy, but cytoplasmic lipid droplets can be found. 11 The differential diagnosis of cutaneous ECD includes other histiocytic disorders exhibiting xanthomatous change or containing multinucleate giant cells as well as pure xanthomas. Such lesions can be broadly divided into three main groups: those with a xanthogranulomatous pattern, true xanthomas and those with xanthomatous change occurring as a secondary phenomenon within a histiocytic, dendritic, or Langerhan cell proliferation.
The differential diagnosis of ECD includes the following:
Juvenile or adult xanthogranuloma (XG)
Disseminated XGs have been reported and have been linked to leukemia, lymphoma and other hematologic malignancies. XGs are composed of small histiocytes with Touton giant cells, foamy histiocytes and a mixed inflammatory infiltrate composed of lymphocytes and neutrophils. Lesions of a long duration may show fibrosis, adding to the diagnostic difficulty in distinguishing such lesions from those of ECD. In addition they show a similar immunophenotype, as lesional histiocytes express CD68 and factor XIIIa and lack expression of CD1a and S-100. Probably the most helpful clue is the clinical history 12 and one should not hesitate to survey the skeletal system and entertain the diagnosis of ECD as a possibility, especially in adults or in atypical clinical presentations. Unlike ECD, where bony involvement is most probably to be symmetric and sclerotic with almost diagnostic value on bone scan, patients with XG and bone involvement are more probable to have focal, lytic lesions.
Rosai-Dorfman syndrome
This represents a benign disorder with histiocyte accumulation in lymph nodes and also occasionally in the skin. The pathology is typified by prominent emperipolesis and a mixed infiltrate with histiocytes that avidly express S-100. 13 
Xanthoma disseminatum (XD)
XD represents a rare disorder, with only 100 reported cases, that most commonly affects young males. Much like ECD, lesions of bone or the central nervous system are not uncommon, and histopathologically these lesions may be indistinguishable from lesions of ECD. Immunohistochemistry is not helpful, as the histiocytes lack CD1a expression but express CD68. The most helpful tool is the clinical presentation. XD primarily affects the skin, often there is mucosal involvement and only rarely is bony involvement seen. 14 In contrast, in ECD the axial skeleton is the most common site involved, and skin involvement is rare, especially at presentation. While the natural history of XD is usually benign with spontaneous resolution of cutaneous lesions over 2-40 years, 15, 16 lesions in critical anatomical locations may result in morbidity and mortality.
Necrobiotic xanthogranuloma (NXG)
This entity typically affects elderly patients. The lesions commonly involve the periorbital area. NXG has a strong association with paraproteinemia (IgG monoclonal gammopathy) and cryoglobulinemia. Histopathologically, the presence of necrosis with cholesterol clefts and surrounding granulomas represents a pattern that helps in differentiating NXG from ECD and other lesions within the XG family. 17 
True xanthomas
These are associated with dyslipidemic states. These lesions are composed of aggregates of foamy histiocytes in the upper dermis. Fibrosis can be seen secondarily in tuberous lesions. The immunophenotype is similar to that in ECD, as the constituent foamy cells express CD68, sometimes express factor XIIIa and lack expression of S-100 or CD1a. The combination of clinical features and pathology is helpful in distinguishing true xanthomas from ECD. 18 
Langerhans cell histiocytosis (LCH)
This disease presents with an infiltrate of histiocytes which have a characteristic reniform nuclear morphology and express the markers of Langerhans cells, namely CD1a, S-100 and langerin. 19 The expression of S-100 or CD1a can be somewhat variable, 20 and in such a context ECD might be difficult to distinguish from LCH. LCH is typically classified into three forms: unifocal, multifocal unisystem and multifocal multisystem. The last type occurs mostly in children less than 2 years old and carries a poor prognosis, even after aggressive chemotherapy. The prognosis is excellent for unifocal disease. With multifocal disease 60% have a chronic course, 30% achieve remission and mortality is up to 10%. 21 ECD carries a worse prognosis compared to LCH.
In summary, although ECD presenting with cutaneous involvement is rare, it is necessary to consider it in the differential diagnosis of cutaneous histiocytosis and to distinguish it from its potential mimics with similar histopathology. An accurate diagnosis of ECD will guide appropriate treatment and provide a clear prognosis. TC-MDP bone scan revealing characteristic bilateral symmetric uptake in the frontal skull, distal femurs, tibiae and ankles, as well as clavicular heads. A) CD163 immunohistochemistry at ×20 magnification. B) CD68 immunohistochemistry at ×20 magnification. C) S-100 immunohistochemistry at ×20 magnification.
